Background: Clinical practice guidelines recommend colonoscopies at regular intervals for colorectal cancer (CRC) survivors. Using data from a large, multi-regional, population-based cohort, we describe the rate of surveillance colonoscopy and its association with geographic, sociodemographic, clinical, and health services characteristics.
Background
Colorectal cancer (CRC) survivors need ongoing preventive care even after their cancer treatment is complete. Because CRC survivors are at risk for both local recurrences and second primary cancers [1] , clinical practice guidelines from several gastroenterological and oncological societies have long recommended routine surveillance colonoscopy for survivors who have been treated for cure [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . By detecting second colorectal cancers and local recurrences early enough to treat, surveillance colonoscopy may increase treatment options and decrease mortality. Until recently, multiple guidelines offered conflicting recommendations for the timing of, and interval between, surveillance colonoscopies [2] [3] [4] [5] [6] [7] [8] [9] [10] . (Table 1) In 2006, the American Cancer Society and U. S. Multi-Society Task Force on Colorectal Cancer recommended ongoing colorectal surveillance for people with CRC via colonoscopy at 1 year after surgery, again at 3 years and, if normal, every 5 years thereafter [11] .
Unfortunately, many survivors do not receive their first surveillance colonoscopy within 1 year after surgery, and some never undergo surveillance. Estimates of CRC survivors' receipt of colon exams (including colonoscopies) range from 52-61% within 18 months of diagnosis [12] [13] [14] [15] [16] , 60-76% within 3 years [12, [16] [17] [18] , and only 51-80% within 5 years [12, 14, 17, 19] . Of more concern, however, are differences in routine surveillance by survivor characteristics. Studies have suggested that factors such as race and ethnicity, age, marital status, income, geographic region, site of the tumor, comorbidities, and stage may be associated with whether survivors undergo appropriate surveillance [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
Prior studies, however, have three important limitations. First, they used data from 1986 through 2004 [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , a time period that does not reflect newer treatment options. Second, these studies have included only patients from restricted age and insurance groups (e.g., Medicare recipients), clinic-based populations, or regional health systems [12] [13] [14] [15] [16] [17] [18] 21] . Finally, previous studies have been limited to administrative data [12, 13, 16, 17, 20, 21] , which may not capture important details about survivors' clinical characteristics.
We used interview and medical record data from a recent nationwide population-based sample of CRC survivors to examine surveillance colonoscopy use. Specifically, we sought to: (1) estimate the rate of surveillance colonoscopy use among CRC survivors 14 months after surgery and (2) identify characteristics of survivors who received colonoscopy in that time period.
Methods

Study sample
We studied participants in the Cancer Care Outcomes Research and Surveillance (CanCORS) Consortium, a multi-regional U.S. population-based cohort study of lung and colorectal cancer. Detailed descriptions of Can-CORS have been published elsewhere [22, 23] . Briefly, patients diagnosed with CRC or lung cancer were identified an average of 1.8 months after diagnosis from 4 geographic regions (Northern California, Los Angeles, Alabama, and North Carolina); 15 Veterans Affairs (VA) Medical Centers; and 5 members of the Cancer Research Network, a network of managed care organizations designated by the National Cancer Institute to conduct research on cancer prevention and control [24] . Because colonoscopy records in the Northern California site and one of the managed care organizations were incomplete, those data were not included in this analysis (N = 944). CRC patients in CanCORS were diagnosed from May 2003 through October 2005. The research was approved by the Institutional Review Boards at each site and all subjects gave written informed consent.
Inclusion and exclusion criteria
We restricted analyses to survivors who: (1) had stage I, II, or III CRC; (2) received surgery within one month of diagnosis (so that they had at least 14 months of followup time), (3) were alive 14 months after surgery (so that they had the opportunity to receive colonoscopy); and (4) had adequate medical record data. Participants who had local recurrences within the study period were excluded, unless the recurrence was preceded (and therefore possibly diagnosed) by a colonoscopy. Participants who had colonoscopies performed within 60 days after surgery were excluded because it is likely that this was due to complications form the initial surgery, was prompted by symptoms, or was conducted in place of a preoperative colonoscopy.
Data sources
Data for this study came from two sources. First, for eligible participants providing informed consent, staff trained by a central CanCORS team conducted medical record audits, with quality control mechanisms in place. Data on cancer-related medical visits and procedures were extracted beginning 3 months before diagnosis through 15 months after diagnosis. Second, interviews with participants or their proxies (in the case of survivor illness) were conducted approximately 4 months after diagnosis. Interviews elicited information about symptoms, satisfaction with care, and other topics for which survivors are an important source of information. 
Colonoscopy use
Our primary outcome was receipt of the first surveillance colonoscopy within 14 months of surgery. While some guidelines conflicted during the study period for the timing of the first routine surveillance (i.e., 1 versus 3 years after surgery or diagnosis), we chose the 14-month period, because 6 guidelines recommended a colonoscopy at 1 year [4, 10, 11] or said it would be appropriate [3, 6, 25] . In addition, the 14-month period allowed us to balance the time allowed for survivors to have surgery with adequate post-surgical follow-up analysis time within the available 15 months of post-diagnosis data.
Covariates
Sociodemographic data included age (from medical records) and sex, race and ethnicity, income, insurance, marital status, and education (from interviews). Clinical data (predominantly from medical records) included site of the tumor, stage at diagnosis, presence and severity of comorbidities, cancer treatments, and visits to primary care physicians and medical oncologists. Staging was determined using collaborative staging, or if it was unavailable, from the best available data from the registry, medical records, or interviews. Comorbidity was assigned as none, mild, moderate, or severe using the Adult Comorbidity Evaluation (ACE-27) index [26] [27] [28] . Adjuvant treatment was defined as having had chemotherapy or radiation therapy within 6 months after surgery.
Data analyses
Missing data were imputed using an iterative multivariable regression technique in Stata [29] . Analyses excluded dichotomous predictor variables that had less than 5% of the sample in one category. We used logistic regression to examine bivariate and multivariate relationships between survivor characteristics (clinical and demographic) and receipt of colonoscopy, using robust standard errors corrected for heteroskedasticity. We calculated odds ratios for the effect of each predictor on colonoscopy use and conducted Wald χ 2 tests of joint significance for categorical variables [30] .
To describe the magnitude of the effect of dichotomous predictors on the likelihood of colonoscopy use, we computed average changes in predicted probability using a multi-step process. For each variable of interest, we subtracted the expected value of the dependent value when the independent variable was equal to 0 from the expected value of the dependent value when the independent variable was equal to 1. The difference is the average change in predicted probability resulting from having the population change from the first (reference) value of the predictor to the second (nonreference) value. See Madden et al. for an example of this methodology [31] .
Results
Of 3,656 patients with newly-diagnosed CRC, 1,423 (39%) met all eligibility criteria and contributed data to analyses (Figure 1 ). Thirty-five participants (2%) did not complete interviews, and their interview data were imputed. Most survivors (79%) had a primary colon, as opposed to rectal, cancer. Demographic and clinical characteristics of the cohort appear in Table 2 . Because of small cell sizes, we collapsed Asian, American Indian, Pacific Islander, mixed race, other race, and unknown race into a single category. Insurance status (i.e., whether participants had insurance), having had adjuvant radiation, and speaking English were excluded from regression analyses because of minimal variation in these variables.
Only 49% of patients across all sites had a colonoscopy within 14 months after surgery. In bivariate analyses, colonoscopy use varied by severity of comorbidities, age, income, site of care, seeing a medical oncologist, and having adjuvant chemotherapy. (Table 3) In multivariate analysis (Table 3) , the likelihood of receiving surveillance colonoscopy was greater among colon cancer than rectal cancer survivors (OR = 1.41, 95% CI: 1.05-1.90). Compared to survivors with no comorbidities, survivors with moderate or severe comorbidities were less likely to receive surveillance colonoscopy (OR = 0.69, 95% CI: 0.49-0.98 and OR = 0.44, 95% CI: 0.29-0.66, respectively). Those diagnosed at stage III were less likely to receive surveillance colonoscopy than those diagnosed at stage I (OR = 0.68, 95% CI: 0.47-0.98), although the stage variables were not jointly significant. Having seen a primary care provider in the first year after diagnosis (OR = 1.44, 95% CI 1.14-1.82) and having had adjuvant chemotherapy (OR = 1.75, 95% CI: 1.27-2.41) were both positively associated with colonoscopy use.
Sites of care were strongly associated with colonoscopy use. Compared to survivors enrolled through managed care organizations in the Cancer Research Network, survivors in North Carolina were more likely to receive colonoscopy (OR = 2.32, 95% CI: 1.65-3.27), as were survivors in Los Angeles (OR = 1.49, 95% CI: 1.03-2.15) and Alabama (OR = 1.92, 95% CI: 1.31-2.81). There was no significant difference between rates of surveillance colonoscopy in the VA sites and the managed care organizations.
The magnitude of the statistically significant dichotomous predictors was calculated as an average marginal effect, indicating the change in probability of receiving a colonoscopy if every study participant first had the reference value of an independent variable and then changed to the indicator value. Assuming the relationship between these factors and colonoscopy use is causal, if every participant in the study changed from not seeing a primary care provider to seeing a primary care provider, the likelihood of receiving a colonoscopy would increase by 8 percentage points on average. Similarly, a change from not having adjuvant chemotherapy to having adjuvant chemotherapy would increase the likelihood of receiving a colonoscopy by 13 percentage points, on average.
Discussion
Guidelines recommend that CRC survivors receive regular surveillance via colonoscopy [2] [3] [4] [5] [6] [7] 10, 11, 25, 32] . Previous studies found that the rate of surveillance colonoscopy among CRC survivors is low; however, these studies used older data sets which limit generalizability [12] [13] [14] [15] 17, 19, 21, 33] . Using rich medical record and interview data from a recent multi-regional populationbased cohort of CRC survivors, we extended prior research on surveillance colonoscopy among CRC survivors. This study using medical record abstraction included survivors with a range of insurance types, ages, and ethnic backgrounds, strengthening inferences about external validity based on study findings.
We found that only 49% of CRC survivors received surveillance colonoscopy. This rate is somewhat lower than previously-reported rates at 18 months (52-61%) [12] [13] [14] [15] . The prior studies' slightly higher estimates may simply be due to additional analysis time or inclusion of other colon examinations (such as sigmoidoscopy and barium enema) [12] [13] [14] [15] . However, given that colonoscopies were 70-97% [12] [13] [14] of all colon examinations, the use of other examinations does not fully account for the higher utilization rate in earlier studies. Cooper and Payes [16] suggested that survivors may be delaying their first colonoscopy until after 1 year. It is possible that since 2002, the average time of receipt of the first postoperative colonoscopy has become further delayed beyond 14 months. Notably, sensitivity analyses suggested that are findings are robust with respect to length of post-surgical follow-up duration (13 months, 13.5 months, 14.5 months, and greater than 15 months after diagnosis). Moreover, excluding patients with both rectal and colon cancer (versus only one of the two) yielded identical results for both the direction and statistical significance of effect sizes.
There is large variation in surveillance colonoscopy among subpopulations. The greatest variation was found between study sites, where we found rates ranging from 37% to 57%. This finding is similar to the geographic variation reported using Surveillance Epidemiology and End Results (SEER) data and in a Canadian registry study [18, 19, 21, 33] . This regional variation may be a function of differences in practice patterns or health Note: Percentages may not add to 100 because of missing data. care delivery systems. Our results show that the utilization of surveillance colonoscopy is lowest in managed care organizations. Because the sites of care are either geography-based, as in the Los Angeles and Alabama sites, or based around a health care system, as in the VA and the managed care sites, it is difficult to disentangle these different possible influences on colonoscopy use in the present study. Clinical factors were strongly associated with colonoscopy use. Rectal cancer survivors were less likely to than those with colon cancer to receive colonoscopy, which is consistent with previous reports [14, 16, 17, 20] . Because colonoscopies comprised 96-99% of all procedures performed, the higher use of sigmoidoscopy among rectal patients is unlikely to account for this finding [12, 14, 17] . Instead, less frequent colonoscopy use among rectal cancer survivors may reflect a selection bias. Rectal cancer survivors are more likely than colon cancer survivors to get neoadjuvant therapy (chemotherapy or radiation), but our criteria of surgery within one month excluded many survivors who received neoadjuvant therapy. Indeed, due to censoring, the proportion of participants who received neoadjuvant therapy fell from 9% to 1% among colon cancer survivors and from 30% to 0% among rectal cancer survivors. Because patients who receive neoadjuvant therapy may be more likely to have a timely colonoscopy, it is also possible that those who were most likely to adhere to colonoscopy guidelines were excluded from the analysis.
Survivors with more severe comorbidities were less likely to receive a colonoscopy. Previous studies using SEER data among Medicare fee-for-service populations have shown similar findings [16, 18, 20] , although two studies [14, 15] of managed care populations showed no effect of comorbidities on colonoscopy use. Patients with more severe comorbidities may have shorter life expectancies, leading physicians to be less likely to offer, and patients less likely to accept, surveillance colonoscopy. As well, survivors with more severe comorbidities may be too frail to undergo colonoscopies.
Seeing a primary care physician in the first year after diagnosis is associated with a higher likelihood of receiving a colonoscopy. Similarly, those individuals who received adjuvant chemotherapy were more likely to receive a colonoscopy. Two recent studies found that CRC survivors who were seen by both an oncologist and a primary care physician received the highest proportion of recommended ongoing cancer preventive care (such as cervical cancer screening and mammography) compared to survivors who saw either type of physician (or had seen neither) [34, 35] . Primary care visits and chemotherapy use may be indicators of access to high-quality care and having a medical home, thereby increasing referral for timely surveillance colonoscopies. If primary care providers are responsible for most referrals, improving coordination of care as patients move from acute cancer care to ongoing care may increase adherence to colonoscopy guidelines. The Institute of Medicine has prioritized facilitating this transition, with the goal of improving ongoing care for cancer survivors [36] .
Alternatively, prevention-oriented survivors may be more likely to visit a primary care physician, to seek out adjuvant chemotherapy to reduce the risk of recurrence, and, similarly, to request a colonoscopy to reduce their risk of cancer. Future longitudinal studies should address survivors' attitudes toward colonoscopy and CRC prevention and whether these attitudes affect colonoscopy use.
Sociodemographic factors were not related to colonoscopy use. Although previous studies have found associations between sociodemographic factors and colorectal surveillance, results have conflicted across studies [12] [13] [14] [15] [16] [17] [18] 20, 21] . Taken together with the current study, this suggests that sociodemographic factors are inconsistent predictors of colonoscopy use. Instead, the pattern of results appears to be that survivors are more likely to undergo surveillance colonoscopy if they have the best prognosis (those with mildest or no comorbidities, earlier stage, and use of adjuvant chemotherapy) or have a primary care physician.
This study has limitations. First, inclusion criteria of surgery within 1 month after diagnosis could limit the findings. However, sensitivity analyses that permitted longer lags between diagnosis and surgery, as well as a sensitivity analysis that did not limit timing of the surgery, showed similar results. It is still possible that those with later surgeries and those with early post-surgical colonoscopies had different patterns of colonoscopy use than their counterparts. Second, this study sample was largely insured, albeit to different extents and with different insurance types. Despite high levels of insurance, however, differences in surveillance colonoscopy use were observed in this study. Third, we were unable to assess the clinical impact of nonadherence in our sample. Fourth, as we could not assess reasons for colonoscopy use (i.e., diagnostic versus surveillance), some colonoscopies may have been diagnostic instead of for routine surveillance. This is unlikely, though, because Cooper et al [37] looked at indications for colonoscopy use among cancer survivors and found that 95% of colonoscopies performed were routine. Fifth, the study assessed colonoscopy use by 14 months after surgery. Although significant variations in colonoscopy use were apparent even in this limited time frame, a longer analysis period may have accommodated delays in scheduling colonoscopies and revealed additional colonoscopies that would still be adherent to clinical practice guidelines in effect during the study period. A longer analysis period also would have included colonoscopies that were delayed due to long wait times. Finally, survivors who were missing data on surgery and staging were excluded from the analytic sample, and this may have created a selection bias. Although we do not know whether those with missing surgery data did not have colorectal cancer surgery or whether their surgery data are missing, the colonoscopy surveillance guidelines are targeted only to patients who do have surgery. A subset of patients lacking surgery data presumably did not have surgery and are appropriately excluded from the analytic sample, limiting the bias in our estimates. Patients who lacked staging information had a 41% colonoscopy rate overall. The lower rate of colonoscopies compared to the rate in the analytic sample (49%) may simply reflect the presence of patients with advanced disease in the unstaged sample; patients with advanced disease are not appropriate candidates for surveillance colonoscopy.
Conclusions
Despite guidelines, more than half of CRC survivors did not receive surveillance colonoscopy within 14 months of surgery, with substantial variation by site of care. The association of primary care visits and adjuvant chemotherapy use suggests that access to care following surgery affects cancer surveillance. Future studies should examine more closely the referral process for surveillance colonoscopies in order to identify clinically inappropriate variation across subgroups of survivors. Further clarifying which types of providers CRC cancer survivors routinely see for follow up care, when these visits occur, whether these physicians recommend colonoscopy consistent with existing guidelines, and whether patients follow through with physicians' recommendations to undergo colonoscopy is a first step. With the often fragmented care of cancer survivors, it may be unclear who is responsible for ensuring adherence to colonoscopy guidelines. Oncologists, primary care providers, and other providers involved in the care of CRC survivors must communicate with each other about their separate responsibilities for detecting second primary cancers. To facilitate communication between providers, it is important to understand whether, as recommended by the recent Institute of Medicine report on cancer survivorship, cancer survivors are provided with a survivorship care plan that includes a recommendation for colonoscopy approximately one year following treatment, whether cancer survivors share this information with their primary care providers, and whether cancer survivors understand the information they receive [36] .
